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Annual Mean Global
Averag e Fluxes

• Ing oing  Flux:  1 3 6 5 /4  =  3 4 1 .3  W -
m-2

• Outg oing  Flux:
‒ Ref lected Shortwave    9 7 .8

‒ Outg oing  Longwave   2 3 7 .1
»                                          _ _ _ _ _ _ _

• Net Flux:     6 .4

• More than we expect for interannual
variat ion!
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Global Im balance

The Im balance is due to the
accumulat ion of errors in

m easurement and data product
g eneration .
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Error Sources for Net Rad iat ion
Budg et ( Strawman)

• Gain of Total Channel

• Gain of Shortwave Channel

• LW  Spectral Response of Total Channel

• SW  Spectral Response of Total Channel

• Spectral Response of Shortwave Channel

• Lim b-darkening  Function

• BRDF

• Temporal Interpolat ion of OLR

• Temporal Interpolat ion of Albedo

• Solar Constant
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Effects of Errors on Budg et

• Errors are Small,  therefore assume
Effects are Linear:

ΣAiXi  =  -εRN
or  atx=  -εRN

• Here  Ai is Sensit ivity of Net Radiat ion to

parameter Xi
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x2

Consider a 2 -Parameter System :

x1

Balance along  this line

X1  and X2  can be chang ed
To Balance Rad iat ion

W hich combination do we select?
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x2

Consider Probab ility of X1X2

Pair:

x1

σ=2

σ=1

Most Likely 
Solut ion To
Balance
Energ y



CERES SET November 2007
Victoria, BC

Probab ility Distribut ion of X

• Assume X have zero m ean

• Assume X Norm ally Distributed

• P( x)  =  M exp( -xtCx)

W here C =  Covariance Matrix
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Most Likely Solut ion to
Balance Energ y:  Equations

• Most Likely Solut ion is g iven by

m inim iz ing   -xtCx

sub ject to Constraint     atx=  -ε
RN

Thus Minim ize

   Ω =   -xtCx +λatx

where λ = Lagrangian Multiplier
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Most Likely Solut ion to
Balance Energ y:

x =  -λCa

W here

λ = (atCa)−1εRN
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x2

Most Likely Solut ion to
Balance Energ y

x1

Slope of Line =
         Ca

    Leng th is proport ional to λ
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Input for Balance _  Strawman

• Gain Total Ch. ,  % 0 .0 0 5   2 2 0 .

• Gain Shortwave Ch. 0 .0 0 5
9 6 .

• LW  Spec.  Total Ch. 0 .0 1 0      9 6 .

• SW  Spec.  Total Ch. 0 .0 0 5    2 2 0 .

• Spect.  Resp.  SW  Ch. 0 .0 0 5      9 6 .

• Lim b-darkening  0 .0 0 5    2 4 0 .

• BRDF 0 .0 2 0      9 6 .

• Temp. Interp .  OLR 0 .0 0 5    2 4 0 .

• Temp. Interp .  Albedo 0 .0 0 5      9 6 .

• Solar Constant ,  W -m -2 1 .0     .2 5

σ         Ai
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Error Potential for Each Source
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Most Likely Adjustm ents to
Balance Budg et:  Strawman Only

Effect of Adjustment for Each Parameter
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Computation of Merid ional Energ y
Flux:

App licat ion of Method

• To g et m erid ional f lux,  integ rate net
rad iat ive f lux start ing  at Pole.

• Divide Flux by leng th of Zone to g et
Flux Density .

• Computat ion assumes ZERO Annual
Mean Global Averag e Net Rad iat ive
Flux.
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Annual Mean
Merid ional Energ y Flux

Meridional Energy Flux

-20

-15

-10

-5

0

5

10

15

20

-90 -60 -30 0 30 60 90

Latitude, degrees

E
n

e
rg

y
 T

ra
n

s
p

o
rt

Blue lines:  Orig inal data
Red lines:  Data Adjusted for Likely Errors
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Annual Mean Merid ional
Energ y Flux DensityMeridional Energy Flux Density
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Conclusions

• An Alg orithm  has been Developed
for Ad just ing  Parameters in Data
Production for Balancing  the
Rad iat ion Budg et.

• Requires Good Error Input for Valid
Results.  (Garbag e in/Garbag e out)

• W e need to develop g ood input for
this.


